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Totally 12 pesticide combinations were assayed for their genotoxicities to Chinese 
hamster ovary (CHO) cells using sister chromatid exchanges (SCEs) and chromosome 


aberration inductions. 


Major findings included: 


(1) Combination of Kasugamycin 


and carbendazim is negative for SCE but positive for chromosome aberration induc- 


tion. 


Further investigation indicated that carbendazim is clastogenic to CHO cells. 


(2) Combination of captafol and polyoxin is positive in SCE induction. Captafol is 
responsible for the positive induction. Captafol alone also is clastogenic although 


its combination with polyoxin is not. 


Application of pesticides containing isoindole 


derivatives as active ingredients are significant concern for human health. (3) Com- 


bination of butachlor and chlomethoxynil is positive for SCE induction. 
is probably the major factor for the positive induction. 


Butachlor 
(4) Combination of pro- 


banasol and isoprothislam is positive for SCE induction. When assayed individually, 
probanasol showed positive effect on the induction. Isoprothislam, on the other hand, 


is questionable positive. 


(5) Other combinations of pesticide although failed to 


give the positive results of the assay showed significant dose response of the induc- 


tion in most of the cases. 


(Chemical control of agricultural pests 
using pesticides is the only method practical 
in Taiwan. Most of the individual pesticides 
commercialized have been routinely examined 
for their safty to human health. Farmers, 
however, used to mix several different kinds 
of pesticide on application in order to save 
time and manpower. Recently, several com- 
binations of pesticides were formulated for 
commercialization in this country. There are 


no toxicological data yet available. New 
formula of a combination is not necessarily 
safe only because their individual mother 
compounds have been proved to be harmless. 
The application of pesticide combination is 
an unavoidable trend in the future practice 
of plant protection in this country. Their 
potential adversed effects to the health and 
genetic heritage of human being are con- 
sequently an important concern. Among 
them, genotoxicity is of special significant 
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because of the irreversible nature of its pro- 
cess and the long latent period required for 
the expression of. its abnormalities. In this 
paper, we reported the genotoxicities of 12 
pesticide combinations which recently have 
been applied for registration to commercialize 
in this countrv. The assay systems we used 
were sister chromatid exchanges (SCEs) and 
chromosome aberration inductions in Chinese 
hamster ovary (CHO) cells, which are sensi- 
tive and reliable short-term tests for this 
purpose (Williams et al., 1980; Wolff, 1981; 

Takehisa, 1982; Brusick, 1984; Latt et al., 1981). 


MATERIALS AND METHODS 


Cells 


CHO cells were obtained from Drs. K. Y. 
Jan and T. C. Lee of this Institute, recloned 
and designated as CHO-W line. On each 
experiment, the cryostored cells were thawed 
and cultured routinely as described previously 
(Lee ef al., 1985). To maintain karyotypic 
stability, the cells for each experiment were 
limited to the first and second passages after 
thawing. Cells were cultured at 37°C in a 
humidified atmosphere of 5 % CO, in air. 
The growth medium was McCoy’s 5A medium 
(Gibco) supplemented with 15% fetal bovine 
serum (FBS, Gibco), 2mM glutamine (Gibco), 
0.22% sodium bicarbonate (E. Merck, FRG) 
and antibiotics including penillin (100 units/ 
ml, Gibco) and streptomycin (100 ug/ml, 
Gibco). 


Preparations of Pesticide Combinations 


Pesticides used for combinations in the 
assays were all technical grades supplied by 
Taiwan Agricultural Chemical and Toxicant 
Substance Research Institute. They are listed 
in Table 1 for their common names, chemical 
names and purities. Stock solutions for each 
individual pesticide were prepared in dimethyl 
sulfoxide (DMSO, E. Merck, FRD) unless 
there were better alternatives available. In 
this experiment. polyoxin, Blasticidin-S and 
Bordeaux Mixture are highly water-soluble. 
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No organic solvents were needed for the 
preparations of their stock solutions. Rabi- 
cide, on the other hand, was found more 
satisfactory to dissolve in ethanol instead. 
Pesticide combinations then were made by 


mixing one with another according to the 


ratios indicated in the informations submitted 
by manufacturers on their applications for 


registration. From the maximum concentra- 


tions, each pesticide combination was diluted 
in the same solvent to a series of ten dose 
levels covering a range of five orders of 
magnitude. The concentration of the solvent 
was kept less than 1% in the culture for 
each treatment. 


Quantitation of SCE Inductions 


3X10* cells were plated in a 60-mm petri 
dish and allowed to grow overnight. The 
cells were then treated with  serum-free 
medium containing pesticide combination 
prepared as described previously or control 
chemical for two hours. At the end of the 
treatment, the medium was discarded and the 
cell cultures were washed twice with phos- 
phate buffered saline (PBS, E. Merck, FRG). 
The petri dishes were refilled with 5 ml media 
containing BrdUrd (final concentration, 10 uM, 
Sigma) and the cell cultures were incubated 
in dark for another 24 hours. Two hours 
prior to the end of the incubation, the cul- 
tures were checked for the degree of mono- 
layer confluence and the occurrence of mitotic 
cells on the surface of the cell sheet or 
floating in the medium. Colcemid (0.2 ug/ml, 
Sigma) was added to the top five doses which 
did not exhibit toxicity and incubated for 
the final 2 hours. Metaphase cells were 
harvested by shake-off and chromosome pre- 
paration was done 5y air-dried techniques. 
The sister chromatid differential stain for 
chromosomes was prepared by a modified 
fluorescence plus Giemsa technique (Jan et al. 
1982). Thirty cells with chromosome numbers 
of 21 + 2 were randomly sampled for each 
treatment from blind-coded slides to score 
the SCEs using an Olympus Vanox-S photo- 
microscope. At the same time, totally 300 
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metaphase cells were randomly sampled for 


each treatment in order to examine the cell 
replication kinetics according to the method 
proposed by Schneider er al. (1981). 


Quantitation of Chromosome Aberration 
Inductions 


The method used for, inducing chromo- 
some aberrations in CHO cells was basically 
similar to that of the SCE assay except that 
BrdUrd was not added to the cultures and 
the period of post-treatment incubation was 
18 instead of 24 hours. Metaphase cells were 
harvested and stained in 3% Giemsa solution. 
One hundred cells with chromosome numbers 
of 21+2 were randomly sampled for each 
dose from blind-coded slides. Chromosome 
aberrations were scored using an Olympus 
Vanox-S photomicroscope. Identification of 
the types of chromosome aberration followed 
those described by Dean and Danford (1984). 
A. further classification of chromosome aber- 
rations into simple, complex and total types 
was made according to Galloway et al. (1985) 
in order to make the statistical analysis pos- 
sible. However, according to Galloway et al. 
(1985), the final evaluation for each trial 
was based on the strongest evidence among 
the three for induction of chromosome aber- 
ration. In our experiment, it was the total 
type that showed the strongest evidence in 
every trial we assayed. We therefore pre- 
sented only the % of aberrant cells of total 
type in the results. 

For those combinations which showed 
positive in the inductions, assays using in- 
dividual parent compounds were furtherly 
performed. 


Data Analysis 


The data of SCE and chromosome aber- 
ration were analyzed according to Galloway 
et al. (1985) and Margolin et al. (1986). 
Trend analysis was used for the examinations 
of the dose response of the inductions. 
Together with the results of trend analysis, 


T. C. WANG, C. L. WU, J. H. LIN, C. Y. TARN AND S. Y. LIN 


numbers of doses that elevated 20% over 
controls in SCE assay and numbers of 
individual doses elevated over controls at 
p«0.01 level in chromosome aberration assay 
(Margolin et al., 1983) were used to catego- 
rize the summary judgement of the inductions 
into positive (+), questionable positive (?4-), 
questionable weak positive (?w) and negative 
(—). Theresult of positive but lack of dose 
response (+b) which also has been included 
by Galloway et al. (1985) was not observed 
in our experiment. 


RESULTS AND DISCUSSION 
MIPC and carbofuran [Fig. 1-(A), Table 2] 


Both SCE and chromosome aberration 
inductions were questionable positive (?+). 
The chromosome aberration greatly increased 
as the dose reached to the highest level 
scored. Major types of chromosome aberra- 
tion were breaks, fragments and exchanges. 
MIPC was found negative in bacterial rever- 
sion assay system either with (Jeang and Li, 
1980) or without (Jeang and Li, 1978; Moriya 


et al. 1983) the metabolic activation. Carbo- 


furan has been reported positive in the same 
system (Moriya et al., 1983). Negative results 
of carbofuran, however, was observed in other 
reports using microorganism assaying systems 
(Jeang and Li, 1978; 1980; Gentile er al. 
1982; Klopman et al, 1985; Sandhu et al., 
1985) and in higher organisms such as Zea 
may. (Gentile et al, 1982) and Drosophila 
(Sandhu et al., 1985). In vitro cytogenetic data 
were probably unavailable for the comparison. 


XMC and cypermethrin [Fig. 1-(B), Table 2] 


The inductions of SCE and chromosome 
aberration were questionable positive (?+). 
The chromosome aberration induced in the 
highest dose level scored was not as significant 
as those pesticide combinations described 
previously. XMC has been reported non- 
mutagenic in bacterial reversion assay (Mori- 
ya et al., 1983). Cypermethrin also has been 


GENOTOXICITY OF PESTICIDE COMBINATIONS 


Carbofuran (ug/nD Cypernethrin ug/ml} 


9 267 1333 6667 3333 16667 9 027 133 667 33.34 166.67 
60 


M~ 
4 
sa w 
s ? x 
T x — 40 Er 
= H ia 
w | 
Q er 49 七 
N PE g 
tA G | L 
LJ E! ee c 
Q 2| 2 
“ x 2 
10 «t 
| X 
0 
0 267 1393 6667 3333 15667 0 133 66 3334 1667 8333 
MIPC (ug/ml? XMC (ug/ml> 
(A) (B) 
‘Chlomethoxynil Cug/mly Pyrazoxyfen Cug/ml> 
0 OH 053 267 1333 6667 v 215 076 380 1905 95,24 
[5 — à : š 60 
P 
Á 
50 sq ^ 
全 g Ú 
> 40 x 40 Ç 
= j D I Q 
iu 点 
C 30 l < 30 + 
Š 8 5 
n d C. 
Ld 20 20 c 
C a a 
人 É 
< 
10 10 < 
N 
3 0 
G 005 027 133 667 3333 0 009 O46 229 1143 5714 
Butachior <ug/nl Butachtor (ug/ml) 
(C) (D) 
Edifenphos (ug/ml) Btasticidin-S Cug/mi 
0 — 053 267 1333 6667 33334 0 O11 657 286 1429 7143 
60@ e 
` 60 
| ¿ 
50 wv 
m 6 50 
= z u 
x = 
_ 40 x 40 O 
r: E = 
© 30 
~ i S 3 T 
20 Ú ry 6L 
Yn “ $ & 
0 
1 .10 <£ 
NNI 
0 š 0 m” 
9 071 356 1778 S889 44444 9 OS 095 476 2381 59524 
Fthalide (ug/mb Fthalide (ug/mi ` 
(E) (F) 


Fig. 1. (A) to (F) Sister chromatid exchanges, chromosome aberration and 
replication index induced in Chinese hamster ovary 
cells by 12 pesticide combinations. 
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Fig. 1. (G) to (L) Sister chromatid exchanges, chromosome aberration and 


replication index induced in Chinese hamster ovary 
cells by 12 pesticide combinations. 
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Chlamethoxynil (ug/ml 


053 267 1333 6667 


33 1666 8312 4156 
Carbedazin (ug/ml> 


Fig. 2. (A) to (B) 


(B) 


Sister chromatid exchanges and/or chrommosome aberrations 
induced in Chinese hamster ovary cells by individual parent 
pesticides which show positive in corresponding assays when 


tested combinedly. 


found negative in assay systems with several 
different microorganisms (Klopman et al, 
1985; Moriya et al., (1983). It was reported 
to act as a weak mutagen in Drosophila, 
increasing significantly the frequency of gene 
mutation but is negative for chromosome 
damage assay (Batiste-Alentorn er al., 1986). 
Induction of micronuclei in mouse bone 
marrow indicated that cypermethrin is muta- 
genic potential evidenced by a positive re- 
sponse of the assay (Amer and Aboul-era, 
1985). 


Butachlor and chlomethoxyaii í Fig. 1-(C), 
Table 2] 


The induction of SCE: was positive (+) 


and that of chromosome aberration was 
questionable positive (?+). Assays with 
those two pesticides individually indicated 
that neither of them were positive in SCE 
induction [Fig. 2-(A), Table 2]. Butachlor 
was questionable positive (?+) and chlo- 
methoxynil was negative (—). In a previous 
report (Moriya et al, 1983), butachlor and 
chlomethoxynil were both positive in bacterial 
reversion assay.  Butachlor, however, was 
found negative in several assays using Basillus 
subtilis in another report (Shirasu et al., 1976). 
Butachlor is an herbicide similar to alachlor 
in structures. They differs only in having a 
butoxy or methoxy group, respectively, on 
the N-methyl moeity. According to EPA's 
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Fig. 2. (C) to (D) Sister chromatid exchanges and/or chromosome aberrations 
induced in Chinese hamster ovary cells by individual parent 
pesticides which show positive in corresponding assays- when 


tested combinedly. 


report, alachlor is a potential human carci- 
nogen inducing lung tumor in mice and 
stomach, thyroid and nasal turbinate tumors 
in rats (Anonymous, 1985b). Similar atten- 
tions, however, have not been because buta- 
chlor as well. This is probably because buta- 
chlor is applied mainly to rice fields which 
are common in certain Asian and South 
American areas and is not marketed in the 
United States. In view of the fact that 
butachlor has been the number one pesticide 
in quantity used in this country for past five 
years, more informations are necessary for 
the further assessment on the human risk of 
pesticides containing this herbicide as one :of 


their active ingredients. 


Butachlor and pyrazoxyfen [Fig. 1-(D), Table 
2] 

The induction of SCEs was questionable 
positive (?+) while that of chromosome 
aberration was negative (—). There was 
probably no previous work has been done on 
the cytogenetic effects of pyrazoxyfen in 
mammalian cells in vitro. 


Fthalide and edifenphos [Fig. 1-(E), Table 2] 


The inductions of SCE and chromosome 
aberration were questionable positive (?+): 
and questionable weak positive (?w), respec- 
tively. The chromosome aberrations observed 
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Were mainly breaks and fragments. The dose 
response of chromosome aberration induction 
was not significant at p < 0.001 level. No 
significant cell cycle delay was induced by 
this combination. The investigation provides 
information regarding the positive cytogenetic 
effects of edifenphos has been reported on the 
bone marrow cells of mice in vivo (Bhunya 
and Behera, 1984). There was probably no 
work has been done on the cytogenetic effects 
of fthalide on mammalian system in vitro. 
Non-mutagenic effects in bacterial testing 
system have been reported for fthalide 
(Moriya et al, 1983) and for edifenphos 
(Moriya et al., 1983; Shirasu et al., 1976). 


Fthalide and Blasticidin-S [Fig. 1-(F), Table 
2] 


Both the SCE and chromosome aberration 
inductions were questionable positive (?+) 
with significant dose response and induced 
significant result only in one dose level. 
Chromosome aberrations observed were 
mainly breaks and exchanges. There was no 
Significant cell cycle delay. Negative result 
has been reported for Blasticidin-S in bac- 
terial reversion assay systems (Moriya et al., 
1983). There is probably no previous report 
regarding the in vitro cytogenetic effects of 
Blasticidin-S on mammalian cells. 


Kasugamycin and thiophanatemethyl [ Fig. 
1-(G), Table 2] 


SCE induction was negative (—) but the 
chromosome aberration assay was questionable 
positive (7+). In a previous report, they 
were both negative in bacterial reversion 
assays (Moriva et al., 1983). 


Kasugamycis and cooper oxychloride [ Fig. 
1-(H), Table 2 


The SCE induction was questionable 
positive !?—) while that of chromosome 
aberration was negative. Previous data on 
the genota::ciiy of cooper oxychloride are 


" 


unavailabie jor the comparison. 
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Kasugamycin and carbedazim [Fig. 1-(I), 
Table 2] 


The SCE induction was negative (—) 
while that of chromosome aberration was 
positive (+). There were three dose levels 
scored induced significant % of aberrant cells 
in the assay of chromosome  aberration. 
Various types of chromosome  aberration 
were induced by this combination including 
breaks, fragments, deletions, double minutes, 
exchanges, ring chromosomes and dicentric 
chromosomes. Cell cycles were significantly 
delayed in the highest two dose levels scored. 
Further investigation of chromosome aberra- 
tion using those two fungicide individually 
indicated that carbendazim was clastogenic 
to CHO cells [Fig. 2-(B), Table 2]. Exchange 
type of aberration was extraordinally numer- 
ous in the results. In previous papers, car- 
bendazim has been reported negative in bac- 
terial reversion assay either with or without 
the metabolic activation (Jeang and Li, 1978; 
1980). However, due to the fact that in our 
experiment, the carbedazim was strongly 
clastogenic, we suggest that the application of 
carbendazim or any pesticide combination 
containing carbendazim should be a signifi- 
cant concern of human health. 


Captafol and polyoxin [Fig. 1-(J), Table 2] 


'The SCE induction was positive (4-) but 
the chromosome aberration induction was 
questionable positive (?4-). According to 
our further investigation, captafol is respon- 
sible for the positive result of the assay 
(Fig. 2-(C), Table 2). The level of SCEs 
induced by captafol alone was higher than 
those by the combination with polyoxin. 
The induction of chromosome aberration also 
became positive when captafol was assayed 
individually, The polyoxin alone, on the 
other hand, was negative in both assays. 
This is consistent with what have been ob- 
served in several previous reports. Polyoxin 
was found negative in bacterial reversion 
assay (Shirasu et al., 1976; Moriya ef al. 
1983). Positive result of mutagenicity test 
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for captafol has been reported frequently 
(Shirasu et al, 1976; Carere et al, 1978; 


Moriya et al, 1978; Sandhu et al. 1985). 
In facts, a special review made by 
EPA has indicated that  captafol is 


oncogenic in rats and mice (Anonymous, 
1985a). Captan and folpet, two other fungi- 
cides of the same type of isoindole derivatives, 
also have been reported mutagenic in several 
assays (Shirasu et al, 1976; Ahmed et al., 
1977; Ficsor et al., 1977; Moriya et al., 1978; 
Moriya et al, 1983; Klopman et al. 1985; 
Sandhu et aL, 1985). According to EPA's 
report (Anonymous, 1985c), captan poses a 
risk of cancer to human through dietary ex- 
posure. The use of pesticides containing 
isoindole derivatives as one of the active 
ingredients is thus a great concern for human 
health. 


Probanasol and isoprothislam [ Fig. 1-(K), | 
Table 2] 


The induction of SCEs was positive (十 ) 
while that of chromosome aberration was 
questionable weak positive (?w). SCEs in- 
duced by probanasol alone was positive (+) 
while that by isoprothislam alone was ques- 
tionable positive (?+) [Fig. 2-(D), Table 2]. 
Both of them were found negative in micro- 
bial assays with (Jeang and Li., 1980) or 
without (Jeang and Li. 1978; Moriya et al., 
1983) the metabolic activation. 


Bordeaux Mixture and curzate [Fig. 1-(L), 
Table 2] 


Both SCE and chromosome aberration 
inductions were negative (—). Previous 
reports on the the cytogenetic effects of those 
two fungicides in mammalian cells in vitro 
were unavailable for the authors. 
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ELT Pe Së st HF BY J Pa. BE EGRE BELL ua JBL = PE 
LAE BH KEE BPH KEW 
十 二 种 在 台湾 申请 登 刀 之 混合 农药 > SURREY OREN EGRE BE MERT BEBE 


如 下 : 
C) Kasugamycin Eg Carbendazim 混合 使 用 可 洁 成 显著 之 染色 体 多 办， 主因 来 自 Carbendazim 


之 遗传 毒性 。 
C) Captafol 与 Polyoxin 混合 使 用 可 和 过 成 是 著 之 姐妹 染色 分 朵 交换， 主因 来 自 Captafol LA 
毒性 。 


© Butachlor 与 Chlomethoxynil 混合 使 用 可 造成 显著 之 姐妹 染色 Dia 交换 ° 主因 可 能 来 自 
Butachlor 之 遗传 毒性 。 

四 Probanasol 与 Isoprothislam 混合 使 用 可 造成 显著 之 姐妹 染色 分 体 交 换 ， 主 因 来 自 Probanasol 
之 遗传 毒性 。 

@) 其 它 混合 使 用 之 租 合 帷 然 无 法 由 本 研究 中 之 结果 证 明 具 有 致 绝 性 ， 然 多 数 租 合 之 遗传 毒性 均 有 随 
剂量 上 和 界 之 趋势 是 值得 注意 的 现象 。 


